Measurements of the absorption spectrum of F centers in CsI reveal structure similar to that of the F band in CsBr. Bands like the L bands in other alkali halides have been observed in CsBr and CsI. In CsBr these L bands exhibit structure similar to that of the CsBr F band. The emission of F centers in CsCl, CsBr, and CsI has been measured. The emission spectra are double Gaussian, peaking at 1.255, 0.910, and 0.740 eV in CsCl, CsBr, and CsI, respectively. The full widths at half-maximum are 0.245, 0.184, and 0.140 eV, respectively. The emission in CsBr is excited with constant quantum efficiency in all parts of the F band. The lack of structure in the emission bands can be explained by either of two descriptions of the excited F center after relaxation of the lattice has occurred. Dichroism of the M band in CsBr indicates these centers have ⟨100⟩ transitiondipole axes as expected for the van Doorn-Haven model of the M center. Other M-center transitions lie under the long-wavelength part of the F band. A large number of F-aggregate bands have been found. 
I. INTRODUCTION 'HE Ii band in cesium halides exhibits a characteristic structure at low temperatures. ' ' Because the structure occurs in CsF, ' which crystallizes in the NaCl structure, as well as in the three body-centered cesium halides, the structure can be attributed to the cesium ions, not to the crystal structure. 4 A first attempt' to relate the E-band structure to the spin-orbit splitting of the cesium atom, the wave functions of which are used for the F-center electron, gave too small a calculated splitting. More recently Knox' has shown how the spin-orbit splitting of the cesium 6p levels could give rise to several conduction bands. From the split conduction bands he formed F-center states by the eRective-mass approximation. There were three "ground" states with 1s wave-function envelopes, built from F6+, I'6-,and I'8 conduction-band functions. The former presumably lies lowest and the other two "ground"-state levels are su%ciently higher in energy that they are unoccupied at 300'K. The pertinent excited states were 2pFs+, 2sFs, and 2sFs, all of which can be reached from the 1sF6+ state by electric-dipole transitions. With this model there should be absorption at long wavelengths from 1sF6+ to the other two "ground" states, and a structure in emission from 2pFs+ to all three "ground" states. Knox also suggested that in other alkali halides the I bands" could arise from the levels that give the F band its structure in the cesium halides.
In the following we present absorption and emission data on CsI and CsBr crystals containing Ii centers. No structure is evident in the emission spectra. In addition, P-center emission in CsCl has been observed. We show that I.bands are present in CsBr and CsI which are similar to those of other alkali halides except that they exhibit structure in CsBr. We have looked for the 1sF6+-1sI'6 and 1sF6+-1sF8 transitions in the 1 -35 p, region and found none.
Henry, Schnatterly, and Slichter, ' and Moran, " have explained the splitting of the cesium-halide Ii band by using a more appropriate localized J -center electron.
The splitting arises primarily from spin-orbit effects on the nearest cesium and halogen ions, as shown by Smith, " and also from the interaction of the F-center electron with noncubic (tetragonal) vibrational modes.
Moran" has shown how these interactions explain not only the splittings observed in the Ii bands of the four cesium halides, but also changes in oscillator strengths caused by magnetic fields, observed in recent magnetooptical experiments. "" In the model used in Refs. 9 and 10 there are only three transitions expected in the main absorption band, not five as in Ref. IS-1046 IS- , 1964 3. F-Center Luminescence in CsBr Figure 3 shows the E-band luminescence in CsBr as a function of temperature. The excitation spectrum for this luminescence is shown in Fig. 4 Fig. 6 ) and the half-width is shown in Fig. 7 (eV) "N. Inchauspe, Phys. Rev. 106, 898 (1957) . "R. L. Wild and F. C. Brown, Phys. Rev. 121, 1296 (1961 . "R. K. Swank and F. C. Brown, Phys. Rev. 1M, 34 (1963) . "P. Avakian and A. Smakula, Phys. Rev. 120, 2007' (1960) . "R.F. Wood, Phys. Rev. Letters 11, 202 (1963) . The departure of the points from the V near the emission maximum is believed to be real. (110) Several excitation curves were run for the emission at 78'K (Fig. 10) e, the 3f ow y and seem , 1290m r dp bbly J; . Pick, Physik 159 "6 9 (1960 "an , "an references th erein. A simplified analysis using one-parameter models (like the Debye model for monatomic lattices) without details of the normal-mode spectrum (acoustic, optic) is proposed and applied to the alkali iodides. The theoretical basis is the insensitivity of (x') and (p') of a given lattice atom to changes in masses of other lattice atoms. The calculations utilize simple relations between the Mossbauer fraction and the specific heat of an alkali iodide crystal and the corresponding properties of a fictitious monatomic iodine crystal where all the atoms have the iodine mass but the forces between atoms are those of the alkali iodide crystal. A Debye model for the fictitious crystal is used to fit experimental data. A good fit is obtained with one parameter, the Debye temperature of the fictitious crystal. Since the force constants of all the alkali iodides are not very different from one another, the rule states that the f factor for all of these alkali iodides can be calculated from similar fictitious homogeneous iodine crystals in which the forces and structure are those of the corresponding alkali iodide crystals.
